Systemic chemotherapy is a standard treatment for Stage IVc nasopharyngeal carcinoma (NPC). Stage IVc NPC patients with oligometastases have a better prognosis, and local therapy has an important role in further development of the disease. However, the efficacy of local therapy to the metastases in patients with multiple-site and/or multiple-organ metastases is limited due to the aggressive behavior of the tumor. We report a NPC case in a pediatric patient with repeated oligometastases involving the bone, liver and distant lymph nodes who achieved 10-year disease free status after initial chemotherapy and radiotherapy to all the metastases. This very rare case demonstrated that radiotherapy to oligometastatic lesions have a potential to cure repeated oligometastases which involved multiple-organ metastases in a pediatric NPC with stage IVc.
INTRODUCTION
As most cases of stage IVc nasopharyngeal carcinoma (NPC) are not curable, the standard management of these patients has been systemic chemotherapy. However, recent treatment results in a large number of patients with stage IVc NPC indicated that the outcomes are heterogeneous with a wide range of survival. [1] [2] [3] Hellmann et al defined the term "oligometastases" as a limited metastasis with a maximum of 3-4 clinically detectable metastases. 4 Patients with oligometastases have a better prognosis, and local therapy (i.e. radiotherapy and surgery) has an important role in further development of the disease. [5] [6] [7] [8] [9] [10] [11] Tian et al retrospectively analyzed the patients initially diagnosed with stage IVc NPC, and local therapy to metastases yielded significantly better overall survival (OS) rate, while patients with > 6 lesion metastases and multiple-organ metastases showed poor OS rates. 12 Therefore, the efficacy of local therapy to the metastases in patients with multiple-site and/or multiple-organ metastases may be limited, and cure or long-term survival usually cannot be achieved in patients with those factors. We describe herein the rare pediatric case with stage IVc NPC with repeated oligometastases involving the bone, liver and para-aortic lymph nodes who achieved over 10 years disease-free survival time after radiotherapy to all the metastatic lesions.
CASE PRESENTATION
A 15-year-old woman with no significant past medical history presented with a 3-month history of a painless right neck lump. The Computed Tomography (CT) images and Magnetic Resonance Imaging (MRI) showed a nasopharyngeal tumor lesion involving the base of skull, multiple right side lymph nodes swelling of the neck and a solitary left side lymph node swelling of the left upper jugular area ( Fig. 1a and 1b) . Biopsy of the primary confirmed the diagnosis of undifferentiated carcinoma (Fig. 2) . Chest CT and bone scintigraphy demonstrated a solitary bone metastasis of the sternum (Fig. 1c ). Chest and abdominal CT did not show disease elsewhere. She was initially staged as T4N2cM1. She was commenced on carboplatin and infusional fluorouracil chemotherapy. Objective tumor response based on CT after one cycle of the chemotherapy was stable disease. Although further cycles of the chemotherapy were recommended, patients and family refused the continuation of the chemotherapy. Three months after the chemotherapy, the enlargement of the tumor was recognized. Definitive radiotherapy for primary and lymph nodes metastases (72Gy/60 fr., two daily fractions, with a 6-hour interval, of radiation of 1.2Gy), whole neck irradiation as elective neck irradiation (43.2Gy/36fr.), and the solitary bone metastasis of the sternum (40.8Gy/17fr.) was enforced ( Fig. 3a ). Concurrent chemotherapy of daily carboplatin (25mg/m 2 ) during radiotherapy was also performed.
Four months after the chemoradiotherapy, painful bone metastases of the sacrum and left femur were recognized on CT ( Fig. 1d and 1e ). Radiotherapy for the bone metastases of the sacrum (48Gy/18fr.) and left femur (30Gy/10fr.) was enforced ( Fig. 3b and 3c ). Six months after the radiotherapy to the bones, a solitary liver metastasis, 4cm in size, was seen on CT ( Fig. 1f ). Because the other recurrence or metastasis was not recognized in the neck, chest, abdominal and pelvic CT and bone scintigraphy, radiotherapy for the solitary liver metastasis (60Gy/40fr., two daily fractions, with a 6-hour interval, of radiation of 1.5Gy) was performed ( Fig. 3d ). Although concurrent chemotherapy of docetaxel during the radiotherapy was planned, infusion reaction occurred in the initial administration and the chemotherapy was discontinued. Three month after the radiotherapy to the liver metastasis, a solitary paraaortic lymph node metastasis, 2 cm in size, was detected on CT (Fig. 1g ). The other recurrences nor metastasis was not recognized on neck, chest, abdominal and pelvic CT. Salvage radiotherapy for the paraaortic lymphnode metastasis (42Gy/21fr.) was administrated ( Fig. 3e ). Eight months after the radiotherapy to paraaortic lymphnode metastasis at the level of right renal hilus, a solitary paraaortic lymph node metastasis, 3 cm in size, at the level of lower pole of the right kidney was seen ( Fig. 1h ). No other metastases nor recurrence were detected on neck, chest, abdominal left femur (e) were seen 4 months after the initial chemoradiotherapy. Solitary liver metastasis emerged 11 months after the initial chemoradiotherapy (f). Solitary paraaortic lymph node metastasis at the revel of right renal hilus was recognized 14 months after the initial chemoradiotherapy (g). Solitary paraaortic lymph node metastasis at the level of lower pole of the right kidney occurred 24 months after the initial chemoradiotherapy (h). Fig. 2c : P16 immunohistochemical staining in the carcinoma cells was negative (×400). and pelvic CT. Again, salvage radiotherapy for the paraaortic lymphnode metastasis (50Gy/25fr.) was performed (Fig. 3f ). The irradiated field could be planned without overlapping the previous irradiated field in the paraaortic lymph node area. No further any treatments were administrated. Follow-up clinical examination and CT was performed at 4-month intervals during the first year after the last salvage radiotherapy, at 6-month intervals during the second, third and fourth years, and thereafter 12-month intervals. No recurrence nor metastasis had been recognized for ten years of follow-up after the last radiotherapy, and follow-up was terminated with no evidence of the disease (Fig. 4) . For acute toxicity, Grade2 mucositis, Grade 1 dermatitis and Grade 1 diarrhea was seen during radiotherapy. For late toxicity, Grade 2 xerostomia was recognized.
DISCUSSION
The current case with stage IVc NPC, refusing the continuation of the systemic chemotherapy, could be salvaged after the repeated oligometastases were treated with radiotherapy as they arose. This very rare case is considered to be significant not only fostering discussion for an approach for oligometastatic NPC but also bringing attention to the possibility of cure.
NPC is an uncommon malignancy in children, and treatment recommendations for pediatric NPC follow guidelines established for adults. 13 Several studies have analyzed the treatment outcomes of NPC in pediatric patients; chemoradiotherapy resulted in survival rates of 60% to 91%. 14, 15 Retrospective cohort study using the National Cancer Data Base of the Unites States indicated that pediatric patients with NPC had a decreased mortality risk relative to adults. 16 Cheuk et al reported that the outcome of children with NPC improved over the past 4 decades with the use of cisplatin-based chemotherapy and higher radiotherapy doses. 13 However, clinical reports for pediatric patients with stage IVc NPC was rarely reported. Retrospective study for 59 pediatric patients with NPC only included 2 patients with stage IVc. 13 Complete response rate after platinum based chemotherapy in patients with metastatic NPC was ranged from 8 to 17%, median progression-free survival time was ranged from 6 to 9 months, and median overall survival time was ranged from 11 to 28 months. 17 More than and equal to 5 chemotherapy cycles was associated with better overall survival times in patients with metastatic NPC. 12 As mentioned in the introduction, local therapy to the metastatic lesions and radiotherapy to the nasopharynx could be selected in the patients with initially diagnosed stage IV NPC with oligometastases, and long term survival is expected in such patients.
In the current case, initial chemotherapy was insufficient as only one cycle. Two sites of painful bone metastases were recognized only 4 months after the completion of the concurrent chemoradiotherapy for the primary region and the solitary bone metastasis. Therefore, palliative radiotherapy dose fractionation was selected. After that, three-time of repeated solitary metastasis appeared and were treated with salvage radiotherapy dose fraction as they arose, because neither recurrence of the radiated lesions nor occurrence of multiple metastases was recognized. Total 5 sites of repeated oligometastases had appeared for 2 years after initial treatments (Fig. 5 ). However, for ten-year follow up, surprisingly, neither recurrence nor metastasis has occurred since last radiotherapy.
This extremely rare case with multiple-organ metastases can be cured after radiotherapy. As factors to be considered, firstly, non-keratinizing squamous cell carcinoma and undifferentiated carcinoma, which pathogeneses are closely associated with Epstein-Barr virus infection, are known as higher radiosensitive tumor in comparison with keratinizing squamous cell carcinoma. 18 In previous reports in NPC patients, primary tumor control rates after radiotherapy were 29% in patients with keratinizing squamous cell cancers and 79% in those with non-keratinizing squamous cell carcinoma and undifferentiated carcinoma. 19 In the current case, the histology of the undifferentiated carcinoma could contribute to achieve good local control of the tumor. Previous review articles indicated that local control of oligometastatic lesions may slow or prevent further metastatic progression. 20, 21 Secondly, we speculate that radiotherapy-induced immunogenic effects may play a role in the suppression of metastases. Recent reports demonstrated that ionizing radiation induces an immunogenic tumor cell death to distant, non-irradiated lesions, through tumor-specific cytotoxic T lymphocyte responses. 22, 23 In the current case, repeated radiotherapy to the metastases might suppress the clinical expression of micrometastasis. The response to treatment and the host immune status may be key factors to the clinical relevance of micrometastases. Further accumulations of the cases with oligometastatic disease who achieved cure are needed to explore these factors.
In summary, we reported a very rare case of nasopharyngeal cancer with repeated oligometastases in longitudinal course who achieved more than ten year of disease-free survival time after radiotherapy to all the metastases. The current rare case is very significant not only from a clinical perspective, bringing attention to the importance of radiotherapy for repeated oligometastases in pediatric stage IVc NPC, but also in fostering discussion of the possibility of cure. 
